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(57) ABSTRACT

A wavelength-tunable optical transmission apparatus includ-
ing an optical array unit comprising a plurality of light
sources whose wavelengths are changed, an optical driving
unit configured to receive an electrical signal transmitted
from an external circuit, generate the current and input the
generated current to the optical array unit, and a control unit
configured to control the magnitude of current input to the
optical array unit by controlling the optical driving unit.
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WAVELENGTH-TUNABLE OPTICAL
TRANSMISSION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation Nos. 10-2012-0127587, filed on Nov. 12, 2012, and
10-2013-0136874, filed on Nov. 12, 2013, in the Korean
Intellectual Property Office, the entire disclosures of which
are incorporated herein by references for all purposes.

BACKGROUND

1. Field

The following description relates to an optical transmis-
sion apparatus, and more particularly, to an optical transmis-
sion apparatus capable of tuning a wavelength using a plural-
ity of light sources.

2. Description of the Related Art

Fiber to the Home (FTTH) based on Wavelength Division
Multiplexing (WDM), that is, a wavelength division multi-
plexing-passive optical network (WDM-PON), is a commu-
nication scheme in which communication between a central
base station and subscribers is achieved using a unique wave-
length designated for each subscriber. Such a communication
scheme provides each subscriber with a large capacity com-
munication service that is independent and secure. In addi-
tion, the WDM-based communication scheme, which is dis-
tinguished from a time division multiplexing (TDM) scheme,
performs light source modulation/demodulation for every
single subscriber, so the bandwidth provided to each sub-
scriber does not change when the number of subscribers
increases.

In order to implement such a WDM-PON, light sources
having a number of wavelengths corresponding to the number
of subscribers are needed. Accordingly, the use of a broad-
band wavelength-tunable light source for colorless character-
istics is a key point to resolve an inventory issue (a difficulty
in managing an inventory of light sources when a fixed-
wavelength light source is used and a n-channel providing
system requires a total of n light sources).

A conventional wavelength-tunable light source uses a
method for forming a resonance outside a gain medium and
physically controlling a reflection wavelength or the distance
of a resonator, such as in a planar lightwave circuit (PLC)-
external cavity laser (ECL) and microelectromechanical sys-
tems (MEMs). An example of a wavelength-tunable light
source using a PLC-ECL device is disclosed in Korean Patent
Laid-Open Publication 10-2009-0106382, and an example of
a thermally actuated wavelength-tunable light source pro-
vided in the form of MEMs is disclosed in Korean Patent
Application No. 10-2008-0061394.

However, while such a conventional wavelength-tunable
light source can be tuned to a wide range of wavelengths, it is
costly and its safety cannot be guaranteed.

In recent years, to overcome these drawbacks, a wave-
length-tunable light source that achieves a wavelength tuning
through temperature change by including a temperature con-
troller that changes the temperature of a laser array is emerg-
ing. An example of such a wavelength-tunable light source
includes a conventional wavelength-tunable laser light source
module (Korean Patent Laid-Open Publication 10-2011-
0073232).

The conventional wavelength-tunable laser light source
module includes a laser array to emit an optical signal having
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2

aplurality of lasing wavelengths and a temperature controller
to change the temperature of the laser array.

Such a conventional wavelength-tunable laser light source
module has a limited range of tunable wavelengths since the
wavelength is controlled through the temperature. In addi-
tion, since the wavelength of the array is controlled using a
single temperature controller, there is difficulty in indepen-
dently controlling the wavelength of each light source. In
addition, such a conventional wavelength-tunable laser light
source module can change the wavelength of a light source
only by using the temperature controller, and thus cannot be
used as anuncooled light source. Accordingly, the price of the
temperature controller and increased power consumption for
temperature control are problems.

SUMMARY

The following description relates to a wavelength-tunable
optical transmission apparatus capable of tuning a wave-
length using a plurality of light sources.

The following description relates to a wavelength-tunable
optical transmission apparatus for expanding a wavelength
tuning range by using wavelength tunability of individual
light sources of the plurality of light sources.

The following description relates to a wavelength-tunable
optical transmission apparatus capable of independently con-
trolling the wavelength of each light source.

The following description relates to a wavelength-tunable
optical transmission apparatus that can be used as an
uncooled light source.

Unlike the conventional wavelength-tunable technology
that describes a wavelength tuning method, the following
description relates to a wavelength-tunable optical transmis-
sion apparatus employing a wavelength tuning method and
operations for electro-optic conversion that is used in optical
communications.

These and other objects, features and advantages will be
apparent from the following detailed description, the draw-
ings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is ablock diagram illustrating a wavelength-tunable
optical transmission apparatus in accordance with an
example embodiment of the present disclosure.

FIG. 2 is a diagram illustrating an arrangement of light
source wavelengths in accordance with an example embodi-
ment of the present disclosure.

FIG. 3 is a block diagram illustrating a wavelength-tunable
optical transmission apparatus in accordance with another
example embodiment of the present disclosure.

FIG. 4 is a diagram illustrating an optical driving unit and
an optical array unit in accordance with another example
embodiment of the present disclosure.

FIG. 5 is a diagram illustrating an arrangement of light
source wavelengths in accordance with another example
embodiment of the present disclosure.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same respective
elements, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity, illus-
tration, and convenience.

DETAILED DESCRIPTION

The following description is provided to assist the reader in
gaining a comprehensive understanding of the methods,
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apparatuses, and/or systems described herein. Accordingly,
various changes, modifications, and equivalents of the meth-
ods, apparatuses, and/or systems described herein will sug-
gest themselves to those of ordinary skill in the art. Also,
descriptions of well-known functions and constructions may
be omitted for increased clarity and conciseness. In addition,
terms used herein are defined in consideration of functions in
the present invention and may be changed according to the
intention of a user or an operator or conventional practice.
Therefore, the definitions must be based on content through-
out this disclosure.

FIG. 1is a block diagram illustrating a wavelength-tunable
optical transmission apparatus in accordance with an
example embodiment of the present disclosure.

Referring to FIG. 1, a wavelength-tunable optical transmis-
sion apparatus in accordance with an example embodiment of
the present disclosure includes an optical array unit 110, a
switch unit 120, an optical driving unit 130, and a control unit
140.

The optical array unit 110 includes a plurality of light
sources driven by input current to convert an electrical signal
into an optical signal. In accordance with an example embodi-
ment of the present disclosure, each light source may be a
laser diode (LD).

The optical array unit 110 may be provided as a single
integrated chip or as individual chips of light sources that are
physically integrated. Alternatively, the optical array unit 110
may be provided as individual forms of light sources that are
physically integrated.

The light sources of the optical array unit 110 may operate
at a single wavelength or at different wavelength depending
on operating condition.

The optical array unit 110 may include the light sources
that are tuned to wavelengths according to wavelength tuning
parameters, such as, operating temperature, current, voltage,
and temperature.

Each light source included in the optical array unit 110 may
be tuned to a wavelength by individually changing wave-
length tuning parameters, or the plurality of light sources of
the optical array unit 110 may be simultaneously tuned to a
wavelength.

In the case of the light array unit 110 provided as a single
chip integrated with the light sources, the wavelength of the
plurality of light sources can be simultaneously changed by
controlling the temperature of the chip.

In addition, as the wavelength tuning parameter, input cur-
rent for independent wavelength tuning may be used. How-
ever, in accordance with another example embodiment of the
present disclosure, the wavelength tuning range of each of the
light sources may be expanded by changing both the magni-
tude of current and the temperature.

For convenience of explanation, in the example embodi-
ments, wavelength tuning through current control is taken as
an example. However, aspects of the invention are not limited
thereto, such that the wavelength tuning may be performed by
controlling wavelength tuning parameters, such as, operating
temperature, current, voltage, and temperature.

The optical driving unit 130 receives an electrical signal
transmitted from an external circuit to generate bias current,
and inputs the bias current to the optical array unit 110
through the switch unit 120.

The control unit 140 controls all functions required in the
optical transmission apparatus. In accordance with an
example embodiment of the present disclosure, the control
unit 140 inputs a wavelength control signal to the optical
driving unit 130 to control the wavelength of the optical array
unit 110, thereby controlling the magnitude of current
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injected into the optical array unit 110. In the event where the
wavelength tuning parameters are related to the optical array
unit 110, the control unit 140 controls the optical array unit
110 to change the wavelength.

In addition, the control unit 140 inputs a path control signal
to the switch unit 120, thereby controlling an on/off state of
each light source forming the optical array unit 110.

That is, the optical transmission apparatus in accordance
with an example embodiment of the present disclosure may
change the wavelengths of light output using a plurality of
light sources. The present disclosure is characterized in that in
order to transmit a certain wavelength of light, both the opti-
cal driving unit 130 (or optical array unit 110) and the switch
unit 120 are controlled by the control unit 140. In this case,
since each light source has a wavelength tuning range, the
entire wavelength tuning range can be expanded.

If each light source of the optical array unit 110 operates at
the same wavelength, the wavelength can be changed by
turning on or off the each light source or by the switch unit
120 that sets a path.

Generally, in an optical communication using wavelength
multiplexing, a peak wavelength and an error thereof are
determined, and thus wavelength tuning for wavelength sta-
bilization at even a single wavelength is possible.

In accordance with an example embodiment of the present
disclosure, the wavelength tuning ranges of the respective
light sources of the optical array unit 110 may be set to be
different from one another.

FIG. 2 is a diagram illustrating an arrangement of light
source wavelengths in accordance with an example embodi-
ment of the present disclosure.

Referring to FIG. 2, when a wavelength tuning range of a
single light source is X nm, a wavelength tuning range of a
light source #1 may be set to be a~a+X nm, a wavelength
tuning range of a light source #2 may be set to be a+X~a+2X
nm, and a wavelength tuning range of a light source #n is set
to be a+(n-1)X~a+nX nm. That is, when the number of light
sources forming the optical array unit 110 is n, a wavelength
tuning is achieved in a range of X*n nm. If each light source
operates at one wavelength, it can be tuned to n different
wavelengths.

To this end in the case of the optical array 110 provided as
a single chip, each light source is set to have a different
physical cavity length, so that wavelength tuning of each light
source can be independently achieved. Since the wavelength
tuning of each light source is independently achieved, n light
sources may be used for n-channels. That is, the optical array
unit 110 has a benefit of serving as a light source capable of
outputting light corresponding to a wavelength of one chan-
nel, while serving as a multi-channel light source capable of
outputting light corresponding to one or more channels.

If wavelength tuning of each light source is possible, the
each light source can output light of the same wavelength or
similar wavelength under the same conditions. In this case,
each light source is controlled to output light of a different
wavelength, so that the light sources can serve as a multi-
channel light source.

In accordance with one example embodiment of the
present disclosure, since the switch unit 120 is located
between the optical driving unit 130 and the optical array unit
110, a signal propagation path becomes longer, and thus
signal integrity (SI) is degraded. In order to make up for this
shortcoming, another example embodiment of the present
disclosure is suggested.

FIG. 3 is a block diagram illustrating a wavelength-tunable
optical transmission apparatus in accordance with another
example embodiment of the present disclosure.
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Referring to FIG. 3, a wavelength-tunable optical transmis-
sion apparatus includes an optical array unit 310, an optical
driving unit 320, a switch unit 330 and a control unit 340. As
compared to FIG. 1, in the example shown in FIG. 3, the
switch unit 330 and the optical driving unit 320 are switched
in their positions. Accordingly, the number of light sources of
the optical array unit 310 and the number of drivers of the
optical driving unit 320 should be equal to or greater than
those in the example of FIG. 1.

As the operations and functions of the optical array unit
310 of FIG. 3 are the same as those of the optical array unit
110 of FIG. 1, the detailed description of the optical array unit
310 will not be reiterated.

The control unit 340 controls all functions required in the
optical transmission apparatus to be performed. In accor-
dance with an example embodiment of the present disclosure,
the control unit 340 controls the magnitude of current injected
from the optical driving unit 320 to the optical array unit 310.
Inthe case where wavelength tuning parameters are related to
the optical array unit 310, the control unit 340 controls the
optical array unit 310. In addition, the control unit 340 con-
trols the flow of current for each light source forming the
optical array unit 310 by controlling the switch unit 330. That
is, the optical transmission apparatus in accordance with an
example embodiment of the present disclosure is character-
ized in that the wavelengths of light output using a plurality of
light sources are changed, wavelength-tunable light is trans-
mitted, and in order to transmit a certain wavelength of light,
the optical driving unit 320 and the switch unit 330 are con-
trolled by the control unit 340. In this case, each light source
can have a wavelength tuning range, so that the entire wave-
length tuning range can be expanded.

Each light source may operate at a single wavelength. If
there are n light sources, the wavelength-tunable optical
transmission apparatus for n wavelengths can be operated by
a single light source.

In accordance with an example embodiment of the present
disclosure, each light source forming the optical array unit
310 is set to have a different physical cavity length, so that
wavelength tuning of each light source can be independently
achieved. Since wavelength tuning of each light source is
independently achieved, n light sources may be used for
n-channels. That is, the optical array unit 310 can be used as
a single channel light source outputting light corresponding
to a wavelength of one channel, or as a multi-channel light
source light capable of outputting light corresponding to
more than one channel.

If each light source has a wavelength tuning range, n light
sources may serve as n channels, regardless of the fact that the
each light source outputs light of the same wavelength or a
similar wavelength under the same conditions.

FIG. 4 is a diagram illustrating an optical driving unit and
an optical array unit in accordance with another example
embodiment of the present disclosure.

Referring to FIG. 4, the optical array unit 310 includes n
light sources, and the optical driving unit 320 includes n
optical driving elements configured to input current to the n
light sources, respectively.

The respective optical driving elements of the optical driv-
ing unit 320 are switched on/off according to inputs of switch
signals S1, S2, . . . and Sn. When switched on, each optical
driving element of the optical driving unit 320 adjusts the
magnitude of current to be input to the optical array unit 110
according to a wavelength control signal input from the con-
trol unit 340, and outputs the current.

Here, the control unit 340 may input a wavelength control
signal to the optical driving unit 320 while inputting a light
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source control signal, e.g., a temperature control signal, to the
optical array unit 310. That is, as described above, wavelength
control is performed together with temperature control,
thereby expanding the wavelength tuning range.

FIG. 5 is a diagram illustrating an arrangement of light
source wavelengths in accordance with another example
embodiment of the present disclosure.

Referring to FIG. 5, the wavelength-tunable optical trans-
mission apparatus operates with n independent wavelengths
(n is at least one). In this case, since a broad range of wave-
lengths is provided using one type of light source, an inven-
tory-associated drawback is resolved. For example, in a sys-
tem having m x n wavelengths, ifa single light source controls
m wavelengths, that is, if a single light source performs wave-
length tuning in a range of Amn-A.1n or above, the number of
required light sources is n. In detail, in a system using 32
(mxn) wavelengths, if a single LD performs wavelength tun-
ing in a range corresponding to 8 (m) wavelengths, by using
4-(n) channel LD arrays, the inventory-associated drawback
is resolved.

As is apparent from the above, wavelength tuning is pos-
sible through current without need of a temperature controller
to change the temperature of the optical array, so that a sim-
pler wavelength-tunable optical transmission apparatus is
provided.

In addition, wavelength tuning parameters for each light
source is independently controlled, so that independent wave-
length control for each light source is possible.

In addition, in accordance with the configuration of the
present disclosure, the wavelength-tunable light source can
beused as asingle light source as well as a multi-channel light
source.

A number of examples have been described above. Never-
theless, it will be understood that various modifications may
be made. For example, suitable results may be achieved if the
described techniques are performed in a different order and/or
if components in a described system, architecture, device, or
circuit are combined in a different manner and/or replaced or
supplemented by other components or their equivalents.
Accordingly, other implementations are within the scope of
the following claims.

What is claimed is:

1. A wavelength-tunable optical transmission apparatus,
comprising:

a control unit;

an optical array unit including a plurality of light sources

that are each individually controllable via one of a plu-
rality of light source control signals provided by the
control unit;

an optical driving unit including a plurality of optical driv-

ing elements that are each individually controllable to be

switched on or off in accordance with one of a plurality

of switch signals, each optical driving element being

configured

to generate current upon being switched on,

to adjust the magnitude of the generated current in accor-
dance with a wavelength control signal provided by
the control unit, and

to input the magnitude-adjusted current to the optical
array unit for driving a corresponding one of the light
sources; and

a switch unit formed at an input terminal of the optical

driving unit, the switch unit being configured to generate
the plurality of switch signals in accordance with a path
control signal provided by the control unit, to thereby
switch on or off the plurality of optical driving elements,
wherein
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the control unit is configured to

provide the wavelength control signal to said each opti-
cal driving element for adjusting the magnitude of the
generated current in said each optical driving element,

provide the path control signal to said switch unit for
generating the plurality of switch signals, and

provide the light source control signal to the plurality of
light sources for controlling each of the light sources.

2. The wavelength-tunable optical transmission apparatus
of claim 1, wherein each of the plurality of light sources is a
laser diode (LD).

3. The wavelength-tunable optical transmission apparatus
of claim 1, wherein each of the plurality of light sources has
aworking wavelength or a wavelength tuning range that is set
to be different from the other light sources.

4. The wavelength-tunable optical transmission apparatus
of claim 1, wherein in a case where a number of the light
sources is n, one of the n light sources outputs an optical
signal.

5. The wavelength-tunable optical transmission apparatus
of claim 1, wherein in a case where a number of the light
sources is n, and a wavelength tuning range of a single light
source is X nm, the optical array unit performs wavelength
tuning in a range of X*n nm.
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6. The wavelength-tunable optical transmission apparatus
of claim 1, wherein a wavelength of each of the plurality of
light sources is changed by changing physical characteristic
of'a gain medium using current that is injected into the gain
medium.

7. The wavelength-tunable optical transmission apparatus
of claim 1, wherein wavelengths of the light sources are
changed according to an operating temperature.

8. The wavelength-tunable optical transmission apparatus
of claim 1, wherein wavelengths of the light sources are
changed in accordance with a change in transmittance or
reflectance properties of a wavelength tunable device.

9. The wavelength-tunable optical transmission apparatus
of claim 1, wherein in a case where a number of the light
sources is n, each of the n light sources outputs an optical
signal.

10. The wavelength-tunable optical transmission apparatus
of claim 1, wherein the light source is a wavelength-tunable
laser.

11. The wavelength-tunable optical transmission apparatus
of claim 1, wherein in a case where a number of the light
sources for a system operating at m*n wavelengths is n, each
light source performs wavelength tuning in a range corre-
sponding to m wavelengths.
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